variation and may vary according to the eating habits of the patients, as described by Skude (16) and Bossuyt et al. (17).
Multilayer-FilmAnalysis for Urea Nitrogen in Blood, Serum, or Plasma
types are used with the same measuring instrument by an identical procedure, with which one can automatically determine urea nitrogen concentrations in 6 miii with 10 zL of sample.
Materials and Methods
As shown in Figure 1 , the multilayer-film for both types of urea nitrogen slides consists of a spreading layer, a reflection layer, a porous ifiter, an indicator layer, and a transparent support.
The spreading layer of a BUN-W slide is identical to that of a Glucose-W slide (1) but differs from that of a BUN-P Each sample is pipetted onto the ifim and spreads uniforrnly over the spreading layer. Blood cells and macromolecules are retained on the reflection layer, through which other constituents of the specimen diffuse into the reagent layer.
In the reagent layer, urea is hydrolyzed by urease (EC 3.5.1.5) and produces ammonia under alkaline conditions. The ammonia reaches the indicator layer through the porous ifiter and reacts with bromcresol green to develop a blue color as follows:
Bromcresol green + NH3 -p blue color (Xm, = 620 nm)
Concentrations of urea nitrogen in blood are determined as follows:
An operator enters the date and a specimen number via the control panel of the instrument, the "Fuji Drichem-1000". One has to select the test mode, BUN-W or BUN-P. The slides are automatically fed into the analyzer one at a time, at predetermined test intervals. Ten microlitersof sample is pipetted onto each slide, afterwhich the slides are automatically drawn into the instrument and incubated at 37#{176}C for 6 miii.
The intensity of the color formed in the slide, measured by reflectance densitometry of 600-nm light, projected on the slide from behind, is converted into the urea nitrogen concentration on the basis of the standard curve stored in the memory of the instrument; the results are displayed and printed out. The spent slide is discarded through the discharge chute.
The maximum throughput of this operation is 150 tests per hour.
Results
The time course of the reaction in the analytical slide is shown in Figure 2 .
The intensity of the color developed is not at its maximum by 6 miii, but still gradually increases, especially for samples with a high concentration of urea nitrogen.
However, it is practical to measure the intensity at 6 mm, as we did in the following experiments. Figure 3 illustrates the standard curve for the conversion of light intensity to urea nitrogen concentration.
Urea-supplemented serum or urea-supplemented wholeblood samples were used in preparing the calibration curve. The lower limit and the upper limit of the urea nitrogen concentrations measurable directly by this method were 50 and 1200 mgfL, respectively.
As mentioned above, this standard curve was entered into the memory of the built-in microcomputer of the instrument, to be utilized for future tests.
Both types of slides for urea nitrogen are stable for longer than 18 months when stored dry at 4#{176}C, sono calibration is required before use of this analytical system except for a daily check of the instrument with a reference fflm-a piece of photographic silver halide. Blood samples of 8 to 12 L were dropped by a pipetteonto separate analytical slides and measured to determine the relation between sample volume and results. As shown in Figure 4 , such variation was very small.
A heparinized blood specimen was dispensed in portions 
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Sample vol, iL 3 9 10 11 12 Fig. 4 intra-assay inter-assay (775 mgIL). hnterassay precision for BUN-P slides was studied by measuring two pooled sera with different concentrations of urea nitrogen once a day for 10 successive days. The CV was 2.8% for a sample with a normal concentration of urea nitrogen (169 mgfL) and 3.2% for another sample that had a high concentration of urea nitrogen (314 mg/L).
Because there was no good way to preserve whole-blood samples unchanged for several days, we did not study between-run precision with BUN-W slides. The CV for measurement of 20 replicates of whole-blood samples with BUN-W slides was 2.2% for a sample with a 179 mg/L concentration of urea nitrogen, 2.3% for a sample with 767 mgfL concentration.
Solutions containing various concentrations of urea and a fixed concentration of albumin, 50 g/L, were diluted 10-fold with a serum specimen for analytical-recovery tests. The recovery ranged from 95.3 to 103.8% of the expected values.
Except for ammonia, various compounds added to serum did not notably interfere with measurement of urea nitrogen with BUN-P slides (Table 2) . However, samples with high concentrations of albumin gave small but positive errors.
Immediately after we measured urea nitrogen concentrations in whole-blood samples with the BUN-W slides, we centri#{241}iged the specimen and measured urea nitrogen in the corresponding plasma with a continuous-flow system (sMAc; Technicon Instruments Corp., Tarrytown, NY), by a diacetyl Figure 5 shows the resulting correlation, as well as that between concentrations of urea nitrogen in patients' sera as determined with BUN-P slides and with a 5Mc system.
Discussion
The multilayer-ifim slide developed by Eastman Kodak Co. for assay of urea nitrogen in blood (3) cannot use whole blood as test samples. In contrast, our analytical system can be used for either whole blood, with BUN-W slides, or serum (or plasma), with BUN-P slides.
Like the slides for blood glucose, these are easy to handle. The amount of sample needed for measurement is as little as 10 pL, but need not be measured precisely for good results. Thus, in an emergency, even a person not skilled in the test can make a quick analysis and obtain good results. Many chemicals bound to the cells or macromolecules in blood are retained by the reflection layer and do not interfere with the measurement. However, a highly viscous sample, such as one with a high protein concentration, will not spread uniformly over the spreading layer and thus will give a positive error. Moreover, ammonia and high pH will give a positive error, so that stale samples may not be suitable for assay by this method. Even with these drawbacks, however, these slides are sufficiently accurate and specific for clinical measurement of urea nitrogen concentrations in blood, as shown in our comparison study (Figure 5) . These slides seem to us to be a valuable tool for a clinical laboratory, especiallyin emergency care. We are now trying to make this system commercially available.
We are grateful to Mr. H. Yokota for his technical aid in measuring samples by our method.
